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RESULTS AND DISCUSSION
Synthesis: The synthesis of 1-4 required the initial preparation of the acetal protected pyridine amino acid units, possessing the carboxylic acid functionality in either the fifth or the sixth positions of the pyridine ring. For the synthesis of 1 and 2, a two-step synthesis for the N-acetyl-2-amino-6-picolinic acid 8 and 9 was undertaken, 17b Scheme 1, which initially involved the protection of 2-amino-6-picoline (6) and 2-amino-5-picoline (7) with acetic anhydride in toluene overnight at 95 ºC, which yielded the two structural isomers in 87 and 90% yield, respectively. 18 The protection of the amine was employed to prevent oxidation of this moiety and increase the stability of the resulting pyridine amino acid. Oxidation of the and 45% yields, respectively, after reflux in water in the presence of two equivalents KMnO 4 and NaOH overnight, followed by acidification to pH 4 using conc. HCl. These syntheses were also repeated using Boc anhydride, as the amino protecting group, with the aim of facilitating their incorporation into oligoamides using peptide coupling protocols. While the two Boc-protected picolines were obtained in good yield, the oxidation of these structures to their corresponding acids 12 and 13 was unsuccessful using either KMnO 4 , or K 2 CrO 7 , only resulting in the recovery of the two starting materials. With the aim of forming the free amine, which could then be coupled to 10 or 11, the hydrolysis of 8 and 9 was also undertaken by refluxing these derivatives in 10% aqueous NaOH solution for 6 hours, followed by acidic workup. This gave the corresponding pyridine amino acids 14 and 15 in 58% and 46% yields, respectively. By reacting either 11 or 12 in a 3:20 mixture of H 2 SO 4 and ethanol under reflux for five hours under argon, 19 followed by aqueous NH 4 + workup, resulted in deprotection of the N-acetyl group and in the esterification of the carboxylic acids, giving 16 and 17 in ca.
50% yields.
The two amino acids 14 and 15 were also reacted in an excess of oxalyl chloride in CHCl 3 for four days at 45 ºC under anhydrous conditions, this gave their corresponding acid chlorides. Further treatment of this solution with methanol, gave the corresponding methyl esters protected pyridine amino acids analogues of 16 and 17, and in ca. 50% overall yield.
Having obtained several pyridine amino acid building blocks, we next formed the bis-pyridine di-peptides 1-4. Initially, the acid derivatives 8 and 9 were treated with SOCl 2 , resulting only in the recovery of the starting materials. Consequently, the peptide coupling reagents
hydrochloride (EDCI) were employed. Here, 10 and 11 were coupled to 8 or 9 in DMF at room temperature using these reagents, which after aqueous base workup and crystallization an alternative hydrogen donating pattern, the synthesis of the orthogonal protected 5 was also undertaken, commencing with the mono-protection of 18, to give 19. 25 As for the synthesis of bis-pyridine di-peptides 1-4, the 19 and the mono protected di-acid 20 26 were coupled together using HOBt, DCC and triethylamine in dry THF at 0 ºC overnight at room temperature. The resulting residues were purified by column chromatography on flash silica (using 40/60 EtOAc/CH 2 Cl 2 ), giving the protected di-peptide 5 as a white solid in 27% yield.
X-Ray Crystallographic Analysis:
Crystals suitable for X-ray crystallographic analysis of 2 were grown from DMSO solution, 23 and crystallises in the monoclinic crystal system in the space group P2 1 /c. Crystallographic data and details of the structure refinement for 2 are provided in Table 1 . The structure shows that the pyridine units are anti to each other in the solid state, and that the angle between the amide hydrogen atoms is 105º. Viewing the crystal structure through the 2,6-substituted pyridine plane, the second pyridine unit appears slightly twisted out of plane. The angle between the planar pyridine units is equal to the sum of three torsion angle deviations in the bonds that connect the pyridine units (-7.3º + 4.7º + 0.2º) and was calculated as -2.4º. In a similar manner, the pyrrole ring planes in the well known DNA grove binding drug netropsin have been reported to have a twisted angle to one another. This angle is slightly larger than that seen herein. 25 The difference between the pyrrole and the pyridine units in Figure 2 , we believe, arises from the non-planarity of the pyrrole units, which is ascribed to the steric clash between the pyrrole CH and the adjacent amide group.
24
In addition, the angle formed between the amide hydrogens was measured as 105º, suggesting that repeated units of the 2,6-substituted pyridines would span 360º after nearly 5 repeating units (360º/75º = 4.8), while DNA has about 10 base pairs per turn. The results for 2, suggest angles could change upon binding in the minor groove as has been shown to be the case for netropsin.
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The supramolecular arrangement of 2 and the involved intermolecular forces might
give further indications of how this compound could interact with DNA, and these were Crystals suitable for X-ray crystal structure analysis of 5 were obtained by slow evaporation form a methanol solution. Compound 5 crystallises in the triclinic crystal system in the space group P-1. The resulting structure is shown in Figure 3a . Crystallographic data for 2 are provided in Table 1 . The crystal structure consists of isolated molecules, held together through weak dispersion forces. In contrast to the crystal structure of 2, shown in Figure 2a , the crystal structure of 5 shows the pyridine rings syn to each other. This orientation and binding pattern (H-donor/H-accepter) could preferentially target i) G sequences, by hydrogen bonds between the pyridine nitrogen and the NH 2 of G and by ii) the amide hydrogen and the lone pair of the G base (See Graphical Abstract). As for the crystal structure of 2, the angle between the relatively planar pyridine aromatic rings was calculated from the three torsion angles that connect the pyridine units (-1.28º -0.56º + 1.48º) as -0.36º, which is of similar magnitude to that seen for 2, demonstrating a small rise between the two pyridine units. Furthermore, the angle formed between the two 'amide' protons was determined as 130º, which is somewhat larger than seen for 2. These results indicate that the configuration of the 2,6-diaminopyridine units would span 360º after 7 units (360º / 50º = 7.2), an improvement on that seen for 2. The supramolecular arrangement of 5 was also analysed. Figure 3b shows the packing of 5 with view in the direction of the crystallographic b-axis. Unlike that seen for 2 above, the intramolecular arrangement of H-donor and acceptor atoms within 5 does not allow the molecule to be involved in extended H-bonded networks.
Furthermore, the alkyls substituents of the ester functionalities hamper efficient π-π stacking in the crystal structure.
Biological Studies: With the aim of evaluating the potential binding of 2 to DNA, we carried out thermal denaturation experiments. A typical melting curve for ct-DNA in aqueous buffered solvent at physiological pH 7.4, is shown in Figure 4 , from which the melting temperature T m for calf thymus ct-DNA was determinate as 69 °C. When a small molecule binds to DNA, they either stabilise, or destabilises, the double helix and hence modulates the Tm number. The denaturation studies were conducted in 10 mM phosphate buffer (pH 7.4).
with a P/D ratio of 10. As shown in Figure 4 , it is clear that the binding of 2 stabilises the DNA structure, with a Tm value of 75 °C, being determined (from first derivatives plots of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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EXPERIMENTAL
General: Reagents (obtained from Aldrich) and solvents were purified using standard techniques. Melting points were determined using a GallenKamp melting point apparatus.
Infrared spectra were recorded on a Mattson Genesis II FTIR spectrophotometer equipped 1 H NMR spectra were recorded at 400 MHz using a Bruker Spectrospin DPX-400 instrument. 13 C NMR spectra were recorded at 100
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